Abstraet-The spatial extent of directed visual attention (DVA) was examined in a series of experiments using precuing in a suprathreshold luminance detection (reaction time) paradigm. Previous findings (Hughes, H. C. and Zimba, L. D. J. Exp. Psychol.: Human Percept Perf., 1985, 11, 409-430) indicated that, in an empty visual field, the effects of DVA were primarily manifest as a uniform elevation of response times to all probe targets in the hemifield contralateral to the observer's expectancy. The present experiments were designed to determine whether increased spatial selectivity could be found when luminous markers indicated the exact location of the expected visual target. To maintain equivalent states of adaptation in both hemifields, luminous markers were also present at the same location in the contralateral hemifield. In general, hemifield effects were again obtained, but with two notable exceptions. First, marking locations in the unattended hemifield produced a local increase (enhanced interference) in RTs above the level characteristic of other locations within that hemifield. Second, when multiple locations were indicated with identical luminous markers, graded costs were obtained in both hemifields. However, scaling the markers according to estimates of cortical magnification factor (M) substantially reduced the slope of these inhibitory gradients, and the results once again approached those characteristic of an unstructured visual field. The findings suggest that when attention is directed to a marked location along the horizontal meridian, a transition in performance typically occurs at the vertical meridian. In addition, irrelevant stimuli some distance from the attentional focus interfere with detection times to unexpected targets that appear in the same vicinity. This interference may relate to an enhanced susceptibility to spatial interactions between the distractors and target away from the attentional focus. The interference appears to extend over a constant area of visual cortex, since it is reduced when the markers are M-scaled.
INTRODUCTION
The ability of observers to direct their attention to eccentric locations in the absence of eye movements is well documented (e.g., Eriksen and Hoffman, 1972,1973; Colgate et al., 1973; Posner, 1978; Posner et al.,1980) , and interdisciplinary interest in the topic is growing (e.g., Crick, 1984; Goldberg and Bruce, 1985; Hurlbert and Poggio, 1985; Moran and Desimone, 1985) . In human psychophysical studies, directed visual attention (DVA) is largely equated with spatial expectancy-the observer is given a precue that provides information potentially useful to their task. If this information has an effect on performance, then an aspect of DVA has been demonstrated. For example, spatial precuing can influence the accuracy and rate of extraction of a target letter from a field of distractors (Eriksen and Hoffman, 1972, 1973; Colgate et al., 1973), and Engel (1971) has shown that the area of visual conspicuity of a simple target (e.g., a short line segment embedded in a field of randomly oriented longer line segments) can be increased if observers are provided with prior information about the spatial location of the target.
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Posner and his colleagues (Posner, 1978; Posner et al., 1978) demonstrated that spatial precuing can exert effects on simple reaction times (RTs) to luminance increments in the absence of distractors, that is, in a blank visual field. In Posner's experiments, two types of precues were used. Informative precues (e.g., a central arrow pointing to the left or right of fixation) signalled the most probable spatial location of an upcoming target flash, whereas non-informative precues (e.g., a cross) indicated that all locations were equally probable. Observers were informed of the predictive validity of the spatial precues. It was typically found that RTs were quicker when the target was preceded by an informative precue that provided correct spatial information (a valid precue) than when the target was preceded by a non-informative (neutral) precue. Likewise, slower RTs were obtained when the target followed an informative precue that provided incorrect information (an invalid precue) than when the precue was neutral. This pattern of results was taken as indicative of the 'benefits' and 'costs' of allocating attention to a particular spatial location (without overt eye movements).
In the experiments described above, all of the targets (following valid, invalid or neutral precues) were presented at the same eccentricity, with the valid and invalid locations in opposite visual hemifields. Posner et al. (1980) went on to examine the effects of DVA on RT performance to targets that were presented at a different (probe) eccentricity. The probe was presented either in the same visual hemifield as the attended (precued) location (adjacent condition) or in the contralateral hemifield (nonadjacent condition). These investigators reported that RTs to adjacent targets resembled RTs to valid targets, indicating that some of the benefits of attention could spread to a near-by location. On the other hand, RTs to targets presented at the nonadjacent position showed costs similar to invalid target RTs. They concluded that for luminance detection, subjects cannot allocate attention to two separated positions in space.
From these and other experiments (e.g., Eriksen and Hoffman, 1972, 1973) there developed a metaphor of attention as a 'spotlight' that 'illuminates' a portion of the visual field, thus enhancing the efficiency of processing of visual stimuli presented within its 'beam'. Because this characterization of attention fit nicely with the existing data (e.g., Posner, 1978 Posner, , 1980 Posner et al., 1978 Posner et al., , 1980 , the spotlight metaphor became (and remains) prevalent, and the results of many subsequent studies of DVA were interpreted as consistent with the beam hypothesis. For example, by varying the time interval (SOA) between the onset of a central precue and the target flash, Shulman et al. (1979) showed that RTs to a probe presented at a point between fixation and the cued location reached a minimum sooner than RTs to targets presented at the (more distant) cued location. Their results indicated that attention had its greatest facilitatory effect on responses to the probe event at a time prior to maximal facilitation of responses to the precued event. Thus, they reported that their findings were supportive of an 'analog' (continuous) movement of attention across the visual field that is time-locked to the onset of the central precue. Tsal (1983) reported that the time for attention to shift from fixation to the target location was a linear function of target eccentricity, indicating that the velocity of these attentional shifts was fixed. The findings of Tsal and of Shulman et al. are in line with the view of a spotlight beam moving from one place to another at a constant speed, briefly illuminating all locations along its path.
The spotlight metaphor also carries with it certain assumptions about the spatial aspects, as well as the temporal aspects, of DVA. Specifically, the focus of a beam is usually (narrowly) restricted so as to illuminate only a small portion of the scene; and
